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1, INTRODUCTION 

The Hybrid Active Power Filter (HAPF) is considered as an effective solution to improve power 
quality on electrical systems. It is very effective in reducing harmonics and reactive power compensation 
with a relatively low capacity of Active Power Filter [1-7]. However, the performance of HAPF depends on 
many factors, such as: the used controller, control strategy, harmonic detection method, the exact 
determination of the circuit parameters, etc. In which, the controller plays a very important role, it affects the 
accuracy of the HAPF system. 

The controllers that have been used for control HAPF can be summarized as follows: the Hysteresis 
controller is characterized by its simplicity and fast response, but its disadvantage is that it depends on a 
widely varying switching frequency [8, 9]. The conventional Proportional Integral (PI) controller has many 
advantages such as a simple structure and ease of use [10, 11]. However, the Kp and K; parameters are fixed 
during the whole control process. Therefore, with fast variable nonlinear loads, the dynamic response of the 
PI controller is not good. With the fuzzy logic controllers, using the Mamdani Fuzzy Inference System is the 
most popular. It is conceptually easy to understand, flexible and it can be combined with conventional control 
techniques [12-17]. However, the input-output memberships are fixed and cannot be learned during the 
whole control process and its parameters depends on experience. To improve the disadvantages of the fuzzy 
controller, another controller used for HAPF is Adaptive Neural Fuzzy Inference System (ANFIS) controller 
[18, 19]. The ANFIS controller uses techniques such as hybrid or back propagation learning rules to 
determine the input membership functions. Flowing that, the input membership functions after learning will 
give the desired results in the output. However, the ANFIS controller also has some drawbacks such as the 
fact that: it has a single output, all of the output membership functions must be the same type (they must be 
either be linear or constant), different rules cannot share the same output membership function, have unity 
weight for each rule, based on the given learning data sets. 
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Neural controllers are also used for control HAPF [20-25], the advantage of this controller is the 
self-learning ability of neural networks, but its disadvantage is able to respond slowly and need to have a 
sample data set. From the above analysis, this paper presents a discrete PI-neural controller for HAPF, which 
consists of two controller units: a traditional discrete PI controller and a neural adjustor. The neural network 
model used in this paper is an identification and predictive neural network. First, neural networks will 
identify the nonlinear model of HAPF and then predict an output value in future. This predictive output value 
will be used to online regulate parameters of the traditional PI controller. Therefore, the proposed controller 
can improve the performance of the traditional PI controller and it has the ability to control online very well 
and is very suitable for nonlinear controls. 

This paper is organized as follows: Section | gives an introduction of the former research on the 
HAPF. Control block diagram for HAPF is highlighted in Section 2. Section 3 represents the proposed 
controller for the HAPF. Simulation results are presented in Section 4, and Section 5 draws some 
conclusions. 


2. CONTROL BLOCK DIAGRAM FOR HAPF 
The topology of the HAPF is proposed as shown in Figure 1. 
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Figure 1. Topology of the HAPF 


where: U; and Z; are the supply voltage and the equivalent impedance of the grid, respectively. Cr, Ci, Li, Coe, 
Lp, Lo, and Co are the injection capacitor, the fundamental resonance capacitor, the fundamental resonance 
inductor, the PPF capacitor, the PPF inductor, the output filter inductor and the output filter capacitor, 
respectively. 

A single-phase equivalent circuit of the HAPF is shown in Figure 2. 


—}» |. 





Figure 2. Single-phase equivalent circuit of HAPF 
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A single-phase equivalent circuit when only the voltage source inverter Uin, is considered (Us; =O; iz 
=() is shown in Figure 3. 





Figure 3. Single-phase equivalent circuit when only the Ujn, 1s considered 
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From Figure 3, the harmonic current injection into the grid by the HAPF can be calculated: 


as nU, 1, (2) 
Fh 
nZ, (Z, (Z,+Z,)JtZLAZ, +L, + Z| tZAZ2.42,2, +22.) 


equation (2) indicates that, compensation harmonic current is determined by the voltage source inverter Ujin, 
and the response of the output circuit Gou(s), with Gou(s) 1s the transfer function of the compensation 
harmonic current 1, to the inverter output voltage U,.. 


Gaye De a nZ,.Z, 
a U,, nZ,(Z(Z,+Z,)+Z(Z,+Z,+Z,)]+Z,(Z,Z,+Z,Z,+Z,Z,) 





(3) 


The control strategy based on load harmonic current detection [19] 1s shown in Figure 4. 





Figure 4. Control strategy based on load harmonic current detection 


3. DESIGN OF DISCRETE PI-NEURAL CONTROLLER FOR HAPF 


From the control block diagram shown in Figure 4, we can build control block diagram for HAPF 
using PI-neural controller as shown in Figure 5. 
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Figure 5. Control block diagram for HAPF using discrte PI-neural controller 


A typical discrete-time PI controller can be expressed as: 


u(s) =u(s—1)+Au(s) 


4 
=[(e(s) +e(s=) ia 





=u(s—1)+K,[(e(s)—e(s-D]+ 


where u(s) is the control effort at time s, Kp and K; are proportional and integral gains, respectively. T is the 
sampling period, e(s) is the tracking error defined as e(s)=izn(S)-irn(S), itn(s) 1s the desired plant output, i-;(s) 
is the actual plant output. The P/ controller can also be expressed in the following form: 


Au(s) = K,e,(s)+K,e,(s) (5) 


where: 
e,(s) =e(s)—e(s—l) 


e,(s) = lets) +e(s—D] 


The neural network model assumes two functions: the first function is to identify the nonlinear 
model of HAPF and the second function 1s to predict an output value at the time (s + /). The neural network 
model used here is a feed-forward neural network and the back-propagation algorithm is used to train the 
weights. The inputs of neural networks are u(s) and ifz(s). 

The output of the HAPF nonlinear model is a function of the form: 


i,,(S) = fli,, (8 —),1,, (8 — 2),..-1,,(s —n+ D,ucs —l),u(s —m+1)] (6) 
where i,(s) is the scalar output of the system, u(s) 1s the scalar input to the system, n and m are the output 
and the input orders respectively, f [. . .] 1s the unknown nonlinear function to be estimated by a Neural 


Network. 
The output of neural network model is a function of the form: 


ae (s)= fli, (s—I),t,, (8 —2),....1,,(s -—n+D,u(s -l),u(s -—m+))] (7) 


where i,,,(s) is the output of the neural model and if is the estimate of f- 
Since then we have the predictive output of the neural network at the time (s + /) will be: 


pe (s+1)= fli, (S),1,,,(8 —1),....0,,(s —n +1), us), uCs —1),u(s —m+ 1] (8) 


The weights of the neural model are adjusted to minimize the cost function given by: 
ee i,,(s +1) —-i,,(s+1) (9) 
2 
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The weight tuning update for the gains using descent method 1s given by: 





AK, ,(s)=—a — + BAK, ,(s—1) (10) 


PI 


where a is the learning rate and f/ is the momentum rate. 
The derivatives in equation (10) are computed as: 














OE OE Gi,,(s) Ou(s) 7, 1) y\ Stn (8) 
OK, ~ Gi,,(s) 6u(s) OK, = (i,,,(s) in (8) au(s) e,(S) (11) 
OE __ OE Gin(s) Gus) 7. 7 = 7 )\ SiS) 

OK, 7 di, (S) Ou(s) OK, (i,,,(s) in (8) 6u(s) e,(S) (12) 


As the hidden and output neuron functions were defined by the logistic sigmoid function then 


Gi,,(s) . 
—— is expressed as: 
Ou(s) 
Ci, (s) = v myn m m 
Figg) TAI Fn(O) 07 (1-07); (3) 


O” is the output of j neuron in the hidden layer of the neural network, W, and W "are the weights of the 


neural network from the input neurons to intermediate layer, and from the intermediate layer to the output. 


4. SIMULATION RESULTS AND DISCUSSION 

Simulation results of a 1OkV-5OHz HAPF system have been made with the MATLAB software. The 
system parameters are listed in Table 1. The nonlinear load is established by four harmonic current sources 
5, 7", 11" and 13". PPFs are passive power filters, they are 11" and 13" turned filters. The DC-bus 
voltage is 600V. 


Table 1. Simulation parameters of HAPF 
L(mH) C(uF) Q 


Output filter 0.2 60 

11 turned filter 1.77 49.75 50 
13" turned filter 1.37 44.76 50 
Fundamental resonance circuit 14.75 690 
Injection circuit 19.65 


The simulation results with the traditional discrete PI controller (Kp = 10, K; = 0.1) are shown in 
Figure 6. The simulation results with the traditional discrete PI controller in steady-state shown in Figure 7. 
Us(V), it(A), is(A) and error(A) represents the source voltage, load current, supply current and error of 
compensation of phase A, respectively. 

During the period from Os to 0.1s, only passive power filters close to the system. At time t = 0.1s, 
APF 1s closed to the system and at the time t = 0.6s the load is changed. 

During the period from 0.5s to 0.6s, the total harmonic distortion (THD) of the load current is 
15.75%, the THD of the supply current decreases to 2.66% from 15.75%, the compensation error decreases 
to + 1OA from + 100A. Figure 8 shows the THD of the load current before the load is changed. Figure 9 
shows the THD of the supply current before the load 1s changed. 

During the period from 0.9s to 1.0s, THD of the load current is 21%, THD of the supply current 
decreases to 3.75% from 21%, the compensation error increases to + 18A from + 10A. Figure 10 shows the 
THD of the load current after the load is changed. Figure 11 shows the THD of the supply current after the 
load is changed. 
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The simulation results with the proposed controller (initial parameters of the discrete PI controller 
are Kp = 10, K; = 0.1) are shown in Figure 12. The simulation results with the proposed controller in steady- 
state are shown in Figure 13. 
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Figure 7. Simulation results with traditional discrete PI controller in steady-state 
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Figure 8. THD of iz before the load 1s changed Figure 9. THD of i; before the load is changed 
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Fundamental (50Hz) = 381 , THD= 21.00% Fundamental (50Hz) = 233.5 , THD= 3.75% 
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Figure 10. THD of the iz after the loadis changed _—‘- Figure 11. THD of the i; after the load is changed 
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Figure 12. Dynamic response of HAPF with the proposed controller 


During the period from 0.5s to 0.6s, THD of the load current is 15.75%, THD of the supply current 
decreases to 1.2% from 15.75%, the compensation error decreases to + 5A from + 100A. Figure 14 shows the 
THD of the supply current before the load is changed. 

During the period from 0.9s to 1.0s, THD of the load current is 21%, THD of the supply current 
decreases to 1.09% from 21%, the compensation error is + 5A. Figure 15 shows the THD of the supply 
current after the load 1s changed. 

A comparison table of the THD i;, cosg and error in the steady-state of two controllers is 
summarized in Table 2. 


Table 2. Comparison of the THD i;, cosg and error in the steady-state of two controllers 


0.5s+0.6s 0.9s+1.0s 
THD i, (%) COS error(A)  THD1i, (%) COS error (A) 
Before compensation 15.75 0.64 +100 21 0.64 +100 
After compensation with the traditional PI controller 2.66 0.984 +10 345 0.982 +18 
After compensation with the proposed controller 12 0.986 5 1.09 0.985 +) 
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Figure 13. Simulation results with the proposed controller in steady-state 
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From the above simulation results we can see that: the control method using discrete PlI-neural 
controller is more efficient than the control method using a traditional discrete PI controller in reducing the 
THD of the supply current and reducing the compensation error in steady-state. In particular, the PI-neural 
controller has the ability to online control very well. 


5. CONCLUSION 

This paper has built a discrete PI-neural controller for Hybrid Active Power Filter. Compared to the 
control method using the traditional PI controller, the simulation results have demonstrated that: the control 
method using a discrete PI-neural controller has a compensation error in steady-state and total harmonic 
distortion of the supply current is smaller. In addition, the controller is also capable of controlling online very 
well, especially the ability to adapt each time there is a change of load. It is also useful and applicable to 
other Hybrid Active Power Filters, especially for nonlinear control systems. 
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